Colloidal silver nanoparticles were prepared by rapid green synthesis using different tannin sources as reducing agent viz. chestnut (CN), mangrove (MG) and quebracho (QB). The aqueous silver ions when exposed to CN, MG and QB tannins were reduced which resulted in formation of silver nanoparticles. The resultant silver nanoparticles were characterized using UV-Visible, X-ray diffraction (XRD), scanning electron microscopy (SEM/EDX), and transmission electron microscopy (TEM) techniques. Furthermore, the possible mechanism of nanoparticles synthesis was also derived using FT-IR analysis. Spectroscopy analysis revealed that the synthesized nanoparticles were within 30 to 75 nm in size, while XRD results showed that nanoparticles formed were crystalline with face centered cubic geometry.
Introduction
Nano structured noble metal/materials have an extensive range of applications in the fields of photonics [1, 2] , microelectronics [3, 4] , catalysis [5] , biosensing [6] and antimicrobial functionalities [7] , etc. Among the noble metals, silver nanoparticles are perhaps the most widely recognized for those applications. Their unique size-dependent physical chemical and biological properties make these materials superior and indispensable.
Physical and chemical procedures have been used for the synthesis of large quantities of nanoparticles in a relatively short time. A number of methods were used in the past decades for the synthesis of silver nanoparticles viz. reduction in solutions [8] , radiation assisted synthesis [9] chemicaland photo-reduction in reverse micelles [10] and thermal decomposition of silver compounds. However, these techniques remain expensive and sometimes involve the use of hazardous chemicals [11] [12] [13] .
Increasing awareness towards hazardless procedure -green chemistry and other biological processes -have led to the development of an eco- * E-mail: afidah@usm.my friendly approach for the synthesis of noble metal nanoparticles [14] . This is achieved mostly by the use of plant sources viz. leaves, bark, fruit extracts [15, 16] and bioorganisms [17, 18] . The use of plant extract for the synthesis of nanoparticles could be advantageous over other environmentally benign biological processes by eliminating the elaborate process of maintaining cell cultures. These green methods are low cost, fast, efficient, and generally lead to the formation of crystalline nanoparticles with a variety of shapes and sizes between 1 and 100 nm.
In continuation of these efforts, we report an eco-friendly, one step and ultra fast synthesis of silver nanoparticles by using silver salt (AgCOOCH 3 ) and the natural reducing agents viz. CN, MG and QB tannins. Furthermore, the synthesized silver nanoparticles have been duly characterized by UVVisible, FT-IR, XRD, SEM/EDX and TEM spectral techniques.
Experimental

Materials
Mangrove bark samples were collected from Matang forest, Malaysia and the tannin was prepared as reported elsewhere [19] . Chestnut tan-nin and quebracho tannins were purchased from SILVACHIMICA, Italy, while AR grade silver acetate (AgCOOCH 3 ) was purchased from Fischer Scientific Company (UK) and used without any further purification. The structures of hydrolyzable and condensed tannin are depicted in Fig. 1 . Deionized water was used as the medium for the whole study; for example in preparation of tannin solutions (100 mg/L), silver acetate solution (100 mg/L), in synthesis of nanoparticles and dilution of nanoparticles. 
Green synthesis of silver nanoparticles
An amount (10 mL) of 1000 ppm concentrated silver acetate and tannins (CN, MG and QB) was added separately and mixed well at room temperature (30 ± 2°C) by using magnetic stirrer. The formation of silver nanoparticles was confirmed by the change in color intensity of the reaction mixture.
UV-Visible absorption spectroscopy
The bioreduction of silver acetate solution was periodically monitored with a UV-Visible spectrometer (Shimadzu, UV-2550, Japan). For the analysis, 0.2 mL of silver nanoparticles was taken in an optical path length quartz cuvette and was diluted to 2 mL using deionized water. The absorption maxima were measured at the wavelength range of 220 to 700 nm.
XRD analysis
The X-ray diffraction (XRD) patterns were recorded using a PANalytical X'Pert PRO MRD PW3040. Samples for measurement were prepared by dropping 2 mL of silver colloids on silica plates and allowing them to dry at room temperature.
SEM/EDX analysis
The morphology of silver nanoparticles was examined using scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX) system (model: JSM-6460 LV). Silver nanoparticles were dispersed in deionized water under ultrasonic treatment, and then they were dropped on silica grid, dried and screened in SEM/EDX.
TEM analysis
Silver nanoparticles for transmission electron microscopy (TEM) observations were prepared by ultrasonically assisted dissolving the aqueous solution in double deionized water. A drop of the sample was subsequently dropped onto a lacey C film supported on a copper grid and then it was allowed to evaporate under ambient conditions. After drying, the nanoparticles were visualized using Phillips CM12 with Docu Version 3.2 transmission electron microscope.
FT-IR spectroscopy
Synthesized silver nanoparticles were then characterized by FT-IR spectroscopy using a Perkin Elmer System 2000 FT-IR instrument. For this purpose, synthesized silver nanoparticles were centrifuged at 4000 rpm for 25 minutes to remove the free biomass or other components present in the solution. The centrifuged suspension was collected, re-dispersed in 10 mL sterile distilled water and the process was repeated for 3 times. Finally, the samples were dried and screened for FT-IR spectroscopy by using KBr pellet method.
Results and discussion
Green synthesis and UV analysis
In a typical synthesis, the color of the tannin solution changed immediately from yellowish brown to whitish green, light brown to dark brown, and brown to brownish black for CN, MG and QB, respectively, after reacting with AgCOOCH 3 . The change of color was an indication of the forma-tion of silver nanoparticles, and the final color of the solution varied with the amount of the starting materials.
The colloidal silver nanoparticles were then screened in UV-Visible spectroscopy, which is one of the most widely used techniques for structural characterization of silver nanoparticles. Fig. 2 show the UV-Visible absorption spectra of the colloidal silver nanoparticles as a function of time for CN, MG, and QB tannins, respectively. An increase in absorbance with respect to time can be noticed in the UV-Vis spectrum (Fig. 2) . Also, the peak area at 430 to 450 nm has increased with increasing reaction time for all the tannins studied. The sharp peak at around 435 nm evidences the formation of silver nanoparticles [20] , while the increase in intensity could be due to increasing number of nanoparticles formed as a result of reduction of silver ions present in the aqueous solution [21] .
XRD studies
The XRD patterns of tannin-silver nanoparticles (Fig. 3) show a sharp peak at 38°, which corresponds to (111) of the cubic silver structures within experimental error. Only one or two peaks can be observed because of the low concentration of silver nanoparticles in the product [22] . The broadening of Bragg's peaks indicates the formation of nanoparticles. Next, the mean size of silver nanoparticles was calculated using the DebyeScherrer's equation by determining the width of the (111) Bragg reflection [23] . The size of the synthesized nanoparticles was thus determined to be 57 nm for CN, while 34 nm for MG and QB.
SEM/EDX studies
To attain further insight into the features of the silver nanoparticles, SEM and also the element analysis of the silver nanoparticles were performed using EDX on the SEM. SEM/EDX images of silver nanoparticles synthesized using CN, MG, and QB tannins, are shown in Fig. 4 . The synthesized silver nanoparticles are well dispersed with minimum aggregation and possess different shapes, similar to the shapes obtained by TEM observations. The range of particle size was found to be larger for CN (59 to 69 nm) as compared to MG and QB (35 to 45 nm). EDX spectrum shows the typical absorption peak approximately at 3 keV due to surface Plasmon resonance [24] . The presence of the elemental silver can be deduced from the EDX analysis, which also supports the XRD results. This indicates the reduction of silver ions to elemental silver. Fig. 3 . XRD spectra of (a) CN, (b) MG, and (c) QB tannin reduced silver nanoparticles.
TEM studies
Fig . 5 shows the TEM images of the silver nanoparticles produced by CN, MG, and QB, respectively. The silver nanoparticles have been formed in different shapes (circular, triangle, truncated triangle, ellipse, etc.) but most of them are circular in shape with smooth edges. Measurement of particles size has revealed that for CN it is in the range of 58 to 62 nm, while for MG and QB in the range of 30 to 35 nm. Furthermore, capping ability of tannins can also be observed from the images (Fig. 5) .
FT-IR spectroscopy analysis
FT-IR spectroscopy measurements were carried out to identify the functional group changes on tan- nin molecule when binding specifically on the silver surface. FT-IR spectra of CN, MG, and QB tannins, and their corresponding colloidal silver nanoparticles, are depicted in Fig. 6 .
In Fig. 6 , band (A) shows the presence of a broad absorption band around 3400 cm −1 for hydroxyl groups, three bands around 1610, 1494 and 1450 cm −1 as characteristic peaks for aromatic ring, and various peaks between 1000 and 1300 cm −1 , corresponding to substituted benzene ring. Furthermore, it is also observed that FT-IR spectra of MG and QB show close resemblance to the spectra classified as condensed tannins [25] , while that of CN show a strong absorption at 1734 cm −1 corresponding to the existence of C-O stretch of the ester group, which was classified as hydrolyzable tannin [26] . FT-IR spectra of silver nanoparticles - Fig. 6 (B) -show similar characteristic bands corresponding to their CN, MG, and QB tannins, which may be due to capping of tannins over silver metal. However, careful screening of absorption bands for hydroxyl group (3400 cm −1 ) for all tannins studied; in particular CN (Fig. 6a) shows reduction of C-O group band at 1734 cm −1 , and QB (Fig. 6c) shows merging of C-O-C stretch peaks at 1284 cm −1 .
These observations imply that all the tannins studied have been involved in reduction of silver ions to silver nanoparticles, mainly through hydroxyl groups. Specific reduction of C-O group by CN tannin and C-O-C group by QB tannin has also been observed. Thus, FT-IR studies supported the capping ability of tannin over silver surface and evidenced the possible functional groups capable of reducing the silver ions.
Conclusions
A facile, green way was reported for the synthesis of silver nanoparticles using tannins as the reducing agent. The reduction of silver ions by tannins resulted in the formation of stable silver nanoparticles with spherical, triangle, truncated triangles, and decahedral morphologies of sizes ranging between 35 and 70 nm. Tannins were able to reduce the silver nanoparticles by rapid rate of reaction and the resultant silver nanoparticles could have potential applications in optics, biomedical and biotechnological applications. Furthermore, this biosynthesis has several advantages viz. cost-effectiveness, compatibility for biomedical and pharmaceutical applications as well as for large-scale commercial production.
